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ACYCLIC 6-PHENYLSELENElTYL PYRIMIDIKE NUCLEOSIDES 

BACKGRGUHD OF THE IKVENTIGN 

1. Field of the Invenrion 

The invention relates to analogues of acyclic 

pyrimidine nucleosides and antiviral compositions including the 
same« 

2. Description of the Prior Art 

Historically, efforts to discover effective antiviral 
agents have met with limited success. Since the viral and host 
cell repiicative mechanisms were considered to be similar, it was 
difficult to envisage the inhibition of viral functions without 
causing unacceptable toxicity to the normal host cells. However, 
in recent years, it has become clear that most viruses, as they 
affect host cells, carry or produce unique enzymes which can be 

« 

inhibited to achieve therapeutic specificity. The discovery and 
subsequent development of acyclovir to the point where it is now 
widely approved for clinical use against herpesvirus infections 
has confirmed this promise. 

No one can claim a totally rational design for any of 
the active antiviral compounds, yet, it is clear that viruses 
code for several enzymes which are necessary for their 
replication, and that these enzymes appear to be less specific 
than the corresponding cellular enzymes in terms of their 
substrate specificity. This provides obvious targets against 
which to direct chemotherapeutic agents. As the normal 
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substrates for these enzymes are nucleoside derivatives, it is at 
least logical to expect that useful chemotherapeutic agents could 
be found among this class of compounds, and this has been shown 

to be the case. 

With the human immunodeficiency virus (HIV) , which is 

responsible for the symptoms of AIDS and ARC, the situation is 

similar to that which existed with the herpesvirus some ten years 

ago. At least one enzyme, the reverse transcriptase or 

BNA-dependent DNA polymerase, is unique to, and absolutely 

necessary for, viral replication. It should, therefore, be 

possible to target this enzyme for antiviral chemotherapy. 

A number of synthetic and naturally occurring compounds 
which inhibit retroviruses have been identified. Some of these 
agents are undergoing clinical evaluations, and one drug, 
3 • -azido-3 ' -deoxythymidine (AZT) has been approved for 
of AIDS patients. Unfortunately most of the anti-HIV agents 
identified so far are only virustatic and show inhibitory 
activity at or near toxic dose levels, which limits their 
usefulness. Furthermore, in the absence of an effective 
prophylactic compound, and due to the method of viral replication 
which results in integration of the viral coding capacity into 
the host genome, drug therapy following infection is likely to be 
required for long periods of time; thus, more effective and non- 
toxic compounds are required. 

one class of compounds that have shown some promise as 
antiviral agents, including against HIV, are the 2 • , 3 • -dideoxy- 
nucleoside analogues. 
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Extensive testing has been done with such compounds as 
2* ,3 •-dideoxy adenosine and dideoxycytidine , 3 • -deoxythymidine and 
other dideoxy purine and pyrimidine nucleosides, as well as their 
2 ' , 3 ' -didehydro analogues and substituted forms thereof. See 
generally C.K. Chu et al., Rinc^hem, Pharm, . 37:3543-3548 (l^as) ; 
C.K. Chu et al-. Tetrahedron Lett . , 29:5349-5352 (1988); 
?• Herdewijn et al. , J- Med, Chem , 30:1270-1278 (1987); V. Parina 
et al,. Tetrahedron Lett> . 12? 1239-1242 (1988). Phosphate-linked 
nucleoside dimers of dideoxynucleosides and AZT have also been 
prepared and found to suppress HIV expression in vitro. Busso et 
al., AIDS Res. Hum. Retrovir. . 4:449-455 (1988). 

Recently, it was reported that l-[ (2-hydroxy- 
ethoxy)methyl]-6-(phenylthio) thymine [HEPT-1] and l-[(hydroxy- 
ethoxy)methyl]-6-{phenylthio)-2-thiothymine [HEPT-S 2] are potent 
and selective inhibitors of Hr7-1, but not hximan immunodeficiency 
virus type 2 (HIV-2) / in various human lymphocytes. In contrast 
to the current antiviral agents with a modif ied carbohydrate 
moiety, these 6-substituted compounds are acyclic nucleosides 
related to acyclovir and ganciclovir. These sulfur containing 
compounds are unique because they do not require phosphorylation 
in order to inhibit HIV-1 reverse transcriptase (RT) . However, 
these compounds are ineffective against the corresponding HIV-2 
enzyme. This is a serious drawback inasmuch as HIV-2 infection 
is widespread in West African countries and has spread to other 
areas. See De Cock et al., AIDS . 3(supp*l) :Sa9-S95 (1989). 
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More recently, Baba et al- ( Proc. Na tl. Acad. Sci, 
USA. > 88:2356 (1991)) showed that l-benzyioxy-niethyl-5-ethyl-6- 
(phenylthio) uracil derivatives inhibited HIV-1 replication and 
Hiv-l RT suggesting thar the presence of an acyclic side chain 
with an intact free hydroxy function is not necessary for 
antiviral activity. 



SPMHARY OF THE IKVEKTXQK 

The present invention is directed to acyclic 6- 
phenylselenenyl pyrimidine nucleosides. The general structure of 
these compounds is depicted below: 




wherein is hydrogen, halogen, vinyl, halovinyl or C^-Cj alkyl, 
haloal]cyl or hydroxy alky 1 , Rj is NH or oxygen, R^ is oxygen, 
sulfur or methyl, X is oxygen or sulfur and Y is hydroxyl or 
hydrogen . 

The invention also comprehends antiviral pharmaceutical 
compositions comprising the novel phenylselenenyl compounds as 
active ingredients together with conventional pharmaceutical 
carriers, vehicles or excipients, and methods of antiviral 
treatment utilizing said compositions. 
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DETAILSD DESGRIPTIOH OF THE IHVENTION 

The structures af the prior art HEPT-1 and HEPT-S 2 
acyclic nucleosides are shown below, as is a scheme for the 
synthesis of six species of the novel phenylselenenyl compounds, 
denoted 6a-f: 



HEPT 




Srh 



i: X «0 
2:X«S 



Scheme I 




3a-e: X - O 
3f:X» S, R,-CH3 



a:R,*H 
b: R,» CHa 
c: Ri- r 

e: R|«i ar 




TaOMS-Cl/OMF 



Imidazole 



SePh 



TBDMSO 




n-Su^NF/THF 



4a- f 



T. LDA 

2. PhSeSePnnrlF 



TBDMSO 




SePh 



6a-f 



5a-r 
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Cosford and Sciiinazi ^T . org . Chem . . 56:2161 (1991)) 
recently reported on the use of selenium nucleophiles in the 
synthesis of nucleosides of biological importance. Reich and 
coworkers f -T , a^r,. chem. Soc. . 97:5434 (1975)) have shown that 
selenium electrophile, such as diphenyl diselenide, can be used 
in reactions with unsaturated esters and enolates. This method 
was adapted to introduce the electrophilic selenium species in 
pyrimidine acyclic nucleosides by activation of the 6-position 

with organolithium. 

Using the method of Rosowsky et al. (J. Med. Cl^ein., 
24:1177 (1981)), i-[ (2-hydroxyetfaoxy) methyl] uracil 3a and its 
stibstituted analogueues 3b-f were prepared via coupling a 
bis (trimethylsilyl) uracil derivative with a 2-acetoxyethylmethyl 
ether in the presence of 0.5 molar equivalent of stannic 
chloride, followed by hydrolysis with sodium methoxide. The 
hydroxyl group of the acyclonucleosides 3a-f was protected by 
reaction with tert-butyldimethylsilyl (TBDMS) chloride in DMF in 
the presence of imidazole (Scheme 1) . The TBDMS analogueues 4a-f 
were obtained as crystalline compounds in almost quantitative 
yield. 

Reaction of i-[ [2- [ (tert-butyldimethylsilyl) oxy]ethoxy]. 
methyl 3 uracil 4a and its derivatives 4b-f in THF with LDA (2-5 
equivalent) at -78'C generated regiospecifically the c-6 
lithiated species, which was subsequently reacted with diphenyl 
diselenide. Quenching the reaction mixture with glacial AcOH, 
followed by silica gel column chromatography, resulted in the 
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isolation of the corresponding 6-phenylselenenyl analogues 5a-f . 
Deprotection of the TBDHS group from 5a-f under mild conditions 
with tetra ii"i3Utylammonium flouride afforded the corresponding 1 
[ (hydroxyethoxy) methyl] -6- (phenylselenenyl) uracil analogues 6a-f 
in excellent yield (50-70%) . 

Also included in the present invention are non- 
hydroxylated analogues of the compounds 6a-f, i,e., 1-ethoxy- 
methyl-6- (phenylselenenyl ) pyrimidine riucleos ides . Such 
compounds are exemplified by the following structural formula: 



O 




The l-(ethoxymethyl) pyrimidine precursors of these 
compounds are prepared by condensing bis(trimethylsilyl) uracil 
derivatives with chloromethyl ether in the presence of stannic 
chloride in dichloromethane at room temperature overnight, 
pouring the reaction mixture into a mixture of cold saturated 
aqueous sodium bicarbonate solution and trichloromethane , and 
then separating the resulting emulsion by filtration, with the 
organic fraction dried and evaporated. Trituration of the oily 
residue with ether yields the 1- ( ethoxymethy 1 ) pyrimidines. 
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Tlie synthesis of the phenylselenenyl derivatives of the 
l-(ethoxyinethyl) pyrimidines is accomplished by the same 
procedure as described previously for the l-[ {2-hydroxy- 
ethoxy ) methyl ] pyrimidines . 

The present invention also contemplates antiviral, 
pharmaceutical compositions for the oral delivery of an acyclic 
6-phenylselenenyl nucleoside compound, exemplified by compounds 
6a-f in Scheme 1, to a patient. Such compositions include an 
antivirally effective amount of one or more of the novel 
compounds as active ingredients in a pharmaceutically acceptable 
oral dosage vehicle or form, wherein said vehicle contains inert 
ingredients that do not interfere with the antiviral activity of 
said compound. 

Dosage forms for oral delivery may include conventional 
tablets/ coated tablets, capsules, caplets, lozenges, liquids, 
elixirs or any other oral dosage form conventionally used in the 



As pharmaceutically acceptable inert ingredients there 
are contemplated carriers, excipients, fillers, binders, 
solvents, etc. which do not interfere with the anti-viral 
activity of the active ingredient. 

In addition, other pharmaceutical agents such as 
different antivirals or other medicaments may be included in the 
dosage form of the present invention. Exemplary of suitable 
additional antiviral compounds are dideoxycytidine, 
dideoxyinosine, azidothymidine and acyclovir. 
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Also, fillers such as clays or siliceous earth may be 
utilized if desired to adjust the size of the dosage form. 

Further ingredients such as excipienrs and carriers may, 
be necessary to impart the desired physical properties of the 
dosage form. Such physical properties are, for example, release 
rate, texture and size. Examples of excipients and carriers 
useful in oral dosage forms are waxes such as beeswax, castor 
wax, glycowax and carnauba wax, cellulose compounds such as 
methylcellulose, ethylcellulose, carboxymethylcellulose, 
cellulose acetate phthalate, hydroxypropylcellulose and 
hydroxypropylmethylcellulose, polyvinyl chloride, polyvinyl 
pyrrolidone, stearyl alcohol, glycerin monstearate, methacrylate 
compounds such as polymethacrylate , methyl methacryXate and 
ethylene glycol dimethacrylate , polyethylene glycol and 

hydrophilic gums. 

A preferred embodiment of the pharmaceutical 
compositions of the present invention involves pharmaceutical 
dosage forms wherein the phenylselenenyl-substituted active 
ingredient is present in an amount between about 25 and about 
1000 mg per dosage unit. The exact dosage administered to each 
patient will be a function of the physical characteristics of 
that patient such as body weight. 

The invention also comprehends methods of providing 
antiviral treatment, particularly anti-HIV-1 or HIV-2 treatment, 
to a patient in need of such treatment consisting of the oral 
administration to the patient of a pharmaceutical composition 
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containing at least one of the novel compounds, preferably from 
about 25 to about 1000 mg of each such compound, from one to 

four times daily. 

The Examples set forth below provide detailed 
illustrations of the compounds , compositions and methods of the 
present invention, as well as precursors and intermediates useful 
for preparation of the novel compounds and synthetic procedures. 
The Examples are not intended, however, to limit or restrict the 
scope of the invention in any way, and should not be construed as 
providing starting materials, reagents, conditions, equipment or 
reaction parameters which must be utilized exclusively to 
practice the present invention. 

The melting points set forth in the Examples were 
determined on an Electrothermal lA 8100 digital melting point 
apparatus and are uncorrected. % NMR spectra were recorded on a 
General Electric QE-300 (300 MHz) spectrometer. Experiments were 
monitored using TLC analysis performed on KodaJc Chromatogram 
sheets precoated with silica gel and a fluorescent i 
while column chromatography, employing silica gel (60-200 mesh; 
Fisher Scientific, Fairlawn, New Jersey) was used for the 
purification of products. Tetrahydrofuran was freshly distilled 
from the sodium benzophenone salt. IDA (2.0 M) and diphenyl 
diselenide were purchased from Aldrich Chemical Company 
(Milwaukee, Wisconsin) . Acyclic pyrimidine nucleosides 3a-f were 
prepared according to the procedure of Rosowsky et al. 
Microanalyses were performed at Atlantic Microlabs, Atlanta, GA. 
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EXAI-IPLE 1 

General Procedtire for the Protection of 4a«f. A mixture of the aqrdic nucleoside (5 
mmol), DMF (20 mi), imidazole (410 mg, 6 mmoi) and tert-butyldimethylsilyl 
(TBDMS) chicrids (9fi5 mg, 6 mmoi) was stirred under argon armosphere ovemighc 
at room temperature. The reaction mixture was poured into water (100 mi), and the 
precipitate filtered. The resulting solid was dissolved in CHCI3 (SO mi), washed with 
saturated aqueous NaHCOs (2 x 40 ml), and H2O (50 mi), dried over Na2S04, and 
concentrated in vacuo to give the desired TBDMS derivative. 

EXAI-IPLE 2 

l-fr2-r(^gr^HuevldiTne^hvlsilvl)QyviethqyvlT nP^hvi1uracil f4a). Yield 62%, ^HNMR 
(CDCI3) 5 0,03 (s, 6H, MeiSi), 0.38 (s, 9H, Me^C), 3.60-3.78 (A2B2, 4H, SiOCHiCHzO), 

5.20 (s, 2H, NCK2O), 5.75 (d J = 9 Hz. IH, 5-K), 734 (d J = 9 Kz, IH, 6-K), 9.20 (s, IK. 

NH, D2O exchangeable). 

EICAMPLE 3 • 

. i4r2-rffgne-ButvldimeVhvtgtlvi)oxvlethnxvlme thvlUhvmine (4b). Yield 89%, IH Nlv£R 
(CDOs) 5 0.03 is, 6H, MezSi). 0.87 (s; 9H, Me^C), 1.92 (s, 3K, 5-Me), 3.S8-3.77 (A2B2, 4H, 
SiOCH2CH20), 5.19 (s, 2H. NCH2O), 7.13 (s, IH, 6-H), 9,05 (s, IH, NH, D2O 
exchangeable). This compound has been previously reported by Tanaica et ai.^ 

EXAI'iPLE 4 

l*fr2-rf^g7-t'Butvldimethvl5ilvl)o:gvlethoxvlmethvn>g- FIuornuraciI f4c). Yield 78%. 
NMR (CDCI3) 5 0.03 (s. 6H, Me2Si), 0.90 (s, 9H, MesC), 3.62-3.78 (A2B2. 4H, 
SiOCH2CH20). 5.15 (s. 2H, NCH7O), 7,42 (d, J = 5 Hz. IH, 6H), 9.11 (s,lH. NH, D2O 
exchangeable). 

EXAMPLE 5 

l4r2-r(tgrf-Butvldimg<'hvlsilvl)oxv1ethoxv1mgthvi1'3 'chIorouracil (4d). Yield S57a, 
NMR (CDCI3) 5 0.16 (s, 6H, Me2Si), 0.89 (s, 9H, MesC), 3,61-3,75 (A2B2, 4H. 
SiOCH2CH20), 5.20 (s. 2H, NCH2O), 7.53 (s, IK, C-6 K), 9.06 (brs, IH, NH, D2O 
exchangeable). 
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e:cai-iple 6 

1-fr2-r(fgrt-ButvIdimethvlsiIvt)oxv1eehoxvlmgthvn-5-bromouracn f4e). Yieid 83%, 
NMR (CDCI3) 5 0.06 (s. 6H, MeiSi). 0.S8 (s, 9K. MesO, 3.63-3.79 (A2B2, 4H, 
SiCCHiCHiO, 5.23 (3, IH. .VCHiO, 7.54 (s. IK, C-5 K). 9.05 (brs. IH. NH, D2O 

EICMIPLE 7 

l-rr2-fffer^-ButvldimethvlsnvnoxvTethoxvlmgehvn-2-thiothvm ine (4f). Yield 86%, IH 
NMR (CDCis) 5 0.05 (s, 6H. MeiSi), 0.89 is. 9H, MejC), 1.97 is, 3H, 5-Me), 3.66-3.80 
(A2B2, 4H, SiOCHiCHiO), 5.63 (s, 2H, NCH2O), 7.33 (s, IH, 6-H), 9.92 is, IH. xMH, D2O 
exchangeable). 



EICAMPLE 8 



hTlfvldimethvU^•^vl)oyv^ethnrv^methvIT ^hvTTTt■ne Derivatives. To a solution ot 
protected acydonudeoside (2 nunol) in dry THF (10 mi) at -78«C was added LDA (2.0 
M, 2j mi, 5 mmoi) dropwise over 5 min with stirring under argon atmosphere. The 
mixture was stirred for 1 h maintaining the temperature below -70°C. A solution of 
A;„u^r..rf ,4;coioniriP ri.25 o-. 4 mmol in 10 mi of THF) was added dropwise over 10 



min to the resulting solution, and the mixture was stirred for 30 min at -73 C. The 
reaction mixture was quenched wth AcOH (0.5 mi), and then allowed to warm to 
room temperature. The solution was concentrated to dryness in vacuo, and the 
residue was purified by siUca gel column chromatography to give the corresponding 
6-phenylseienenyl derivative. 

EXftliPLE 9 

l.rrr2-<-^rf-BuHrMtTngthvlsilvinTv)ethox ^ lrnpmvn.6-^nhenvlseienenvnura(nl f5a). Furi- 
fied by column diromatography using GHOs- Yield 80%; m.p. 138- WO'C; m NxW 
(CDCI3) 5 0.08 (s, 6H, Me2Si), 0.90 is, 9H, Me^O, 3.66-3.81 (A2B2. 4H. SiOCH2CK20), 
5.23 (s, IH. 5-H), 5.56 is. 2H, NCH2O), 7.40-7.65 (m, 5H, SePh), 9.04 is. IH, NH, D2O 
exchangeable). 
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EXAMPLZ 10 

l.frf2-fgrNButvld!methvisnviQxv)ethoxv1methvll-';-^phenvlselenenvl)thvTnine (5b). 

t 

Purified bv caiumn chramato^rauhv usinz CHC3. Yieid 32%; m.o. 63-/ ^ C; "^K NMR 
(CDCI3) 5 0.04 (s, 6K. MerSI), 0.S6 (s. 9K, MesC-, i.95 (s, 3K, 5-Me), 3.35-3.74 (.4.732/ 4K;\ 
SiQCKiCHiQ), 5.68 is, 2K, NCK2O), 7.23-7.36 (m, 5K. SePh), 9.02 (s, IK, NK, D2O 
exchangeable). 

l«rrf2-j'gr^-ButvidimethvisiIvlQXv)ethoyv]methvn-4«^phenvlseIenenvl)-?-fluQrQura 
(jc). Purified bv column chromatography using CKCl3:MeOH (98:2). Yieid 857^; m.p. 
12S-12S°C; IH MMR (CDa3) 5 O.IS (s; 6H, Me^Si), 0.88 (s, 9H. MesC), 3.60-3.76 (A2B2, 
4H, SiOCKiCHiO), 5.66 (s, 2H, NCH2O), 7.26-7.62 (m, 5K. SePh), 9.37 (s.lH, NK, D2O 
exchangeable). 

EICAMPLE 12 

l-frf2-^grt*ButvldimethvisilvlQxv)ethoxvlmethvil*^phenviselenenvt)-5''C^ 
(3d). Purified by column chromatography using CHClsiMeOH (98:23, Yieid 767c; m.p. 
IIS-IIS'^C; IH NMR {CDCI3) 5 0.26 (s, 6H. MerSi), 0.92 (s, 9H, MesQ, 3.63-3.78 (A2B2, 
4H, Si0CH2CH2O), 5-73 (s, 2H, NC:a:20}, 7JZS-7oO (m, SK. SePh), 9.12 (brs; IH, NH. 
D2O exchangeable). 

gXAtdPLS 13 

l^^rf2-^grf-Butvidimethvi5iIvloxv)ethQxv]methvn«^^phenviseiengnvi)-?-bromQurad^^^ 
f5e). Purified by column chromatography using CHClsrMeOH (95:5). Yield 65%; m.p. . 
102-106'C; IH NMR (CDCI3) 5 0.02 (s. 6H, MeiSi), 0.86 (s, 9H, MejC), 3.62-3.75 (A2B2, 
4H, SiOCK2CH20), 5.73 (s, 2H, NCHzOh 723-7 A7 (m, 5H, SePh), 8.79 (s. IH, NH, D2O 
exchangeable). 
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EXaMPLE 14 

illL Purified by columa chromacography using CHCl3:.MeOK (98:2). Yield 77^-; 
97-IOO'C; IH NMR (CBCI3) 5 0.03 is, 6H, Me^Si), 0.86 (s, 9a MesO, 1-38 (s, 3H, 5-Me), 
3.71 (s, 4H, SiOCHzCHiO), 5.79 (s, 2H, iN-CH.O), 7.21-7J3 (m, 5H, SePh), 9./o (s, IK, 
NH. D2O e-xchangeafale). 



EICftMPLElS 



rou' 



To the protected derivative (I mmoi) dissolved in THF (5 ml), was added a soiudon 
of tetra-n-butvlanunonium fluoride (1.2 mmoi in 2 mi of THF). The resulting 
reaction mixture was stirred for 30 min at room temperature, and evaporated to 
dryness. The residue was purified by silica gel column chromatography and 
crystallized from a suitable solvent, 

EXAMPLE 16 

1 -f r^-Hvdroy^pt-h nTv>Tn eth vl l^(nheny J t «.t7 pti vi ) uracil f 6a). Purified by column 
chromatography using CHar^MeOH (98^). Yield 86%; m.p. 1S7-159'C (toluene); IH 
NMR (CDQs) 5 2J3 (s, IH, OH, DnO exchangeable), 3.70-3.79 (m, 4H, OCH2CH2O), 
5.23 (s, IH, 5-H), 5.78 (s, 2H, NCH2O), 7.39-7.68 (m, SH, SePh), 9.30 (s, IH, NH, D2O 
exchangeable). AnaL (Ci3Hi4N204Se) C, H,N. 

EXAMPLE 17 

i-ffi-Hvdroxv»«-hnvv>Tn«.fhvn-^-^ph«.Tivlse ''-"«'"^"H^vmine (fib). Purified; by colunui 
chromatography using CHayMeOH. (98:2). Yield 73%; m.p. 108-109'C (toluene); IH 
NMR (CDQs) 5 1.75 (s, IH, OH, D2O e.xchangeabie), 2.03 (s, 3H, 5-Me), 3.65 (m, 4H, 
OCH2CH2O), 5.67 (s, 2H, NCH2O), 7.26-7.38 (m, 5H, SePh), 9j2 (s, IH, NH, D2O 
e-xchan?eabie). AnaL (Ci4Hi6N204Se) C, H,N. 
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e:{ample 13 

1.fr2-Hvdroy^p<-hnyv)me^hvn-6-(Dhen vUplpnenvl^---fltinrnuracil (6c). Purified by 

column chromatography using CHasuMeOH (95:5). Yield 83%; m.p. 130-132'C 
(EiOAc); IH NMR CDMSO-a^) 5 3.37-3.49 (m..4H. CCK2CH2O), 4.65 (t, IK, OK, D2O 
... - oT»- 7"?~-7n3 Cr" ==H '^ePh), 11.96 (s, IK, NK. D2O 

exciiangeafale). Anal. .(Ci3Hi3FN204Se) C, K, N. 

EXAMPLE 19 

l-r/2-HvdTox^p>hnrv)mgthvn.fi-rohenv lc^Unpnvn-5-rh1nrnuraciI (6d). Purified by 
column chromatography using CKClsrMeOH (95:5). Yield 68%; m-p'. 142-143-C 
(EtOAc); IH NMR (DMSO-iffi) 5 3.38-3.52 (m, 4H, OCH2CH2O), 4.60 (t, IH, OH, D.O 
exchangeable), 5.53 (s, 2H, NCHzO), 7.28-7.53 (m, 5H, SePh), 12.04 (s, IH, NH, D2O 
exchangeable). Anal. (Ci3Hi3ClN204Se) C, H, N. 

« 

E XAMPLE 20 

i-r^.-W^rirnrvgth»^A^,.hvn-6-( r"»"^'^"''-"^"vt>-"-^rnTnouraciI f6e). Purified by 
column chromatography using CHClsuMeOH (90:10). Yield 79%; m.p. 144-145=C 
Cnas); IH NMR (DMSO-d^) 5 3.27-3 ol (m, 4H, OCH2CH2O), 4.59 (s, IH, OH, D2O 
exchangeable). 5 J3 (s, 2K, NCH2O), 7.24-7.51 (m, 5H, SePh), 12.00 (s, IH, NH, D2O 
exchangeable). AnaL (Ci3Hi3BrN204Se) C H, N. 

e:cample 21 

•,■fO.M^rfrn>vethr---^^p^hv1U^-fah ^>^ y1cp^onpnvn-2.^hi^^hvTT,i^e (SQ. Purified by 
column chromatography using CHCl3:.MeOH (95:5). Yield 83%; m.p. i08-109=C 
(toluene); IH xNMR (CDCI3) 5 1.64 (s, IH, OH, D2O exchangeable), 1.93 (s, 3H, 5-Me), 
3.67-3.75 (m, 4H, OCH2CH2O), 6.27 (s, 2H, NCH2O), 7.26-7.35 (m, 5H, SeHh), 10.01 (s, 
IH, NH, D2O exchangeable). Anal. (Ci3Hi3N204SSe) C, H, N. 
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EXAI-IPLE 22 

General Procedttre for the Prgnaration of l-fEthoxvmethvDDvrimidmes. 
Chioromethvl ethvl ether was condensed with the bis(triinethylsiiyi)uracil 
derivarives in the presence of one moiar equivaienr of stannic chloride in CEnCln at - 
room temperature for overnight. The reaction mixture poured slowly into a 
mixture of cold saturated aqueous NaHCOs solution and CHas-The resulting 
emulsion was separated by filtration through. Celite, the organic fraction dried and 
evaporated. Trituration of the oily residue with ether afforded the product as 
colorless crystals. 

EXAMPLE 23 

l>fEthoxvmethvl)uradl. Yield 42%; m.p. 124-I26°C; IH NMR (CDQa) 5 1.21 (t, J= 7 
Hz. Sa CH3CH2O), 3.59 (q, 2H, J - 7.2 Piz. CH3CH2O), 5.20 (s, 2H, NOizO), 5.86 (d, J = 
9 Hz, IH, 5-H), 7.43 (d J = 9 Hz, IH, 6-H), 9.68 (s, IH, NH, D2O exchangeable). 

E:0^I4PLE 24 

I-rEthoxvmethvnthvmine, Yield 54%; m.p. 104-106°C; IH NMR (CDQa) 5 1.20 (t J= 

m 

6.8 Hz, 3H, CH3CH2O), 1.93 (s, 3H, 5-Me), 3.58 (q, J= 6.8 Hz, 2H, CHsCHzO), 5.22 (s, 2H, 
NCH2O), 7.14 (s, IH, 6-H), 9.26 (s, IH, NH, D2O exchangeable). 

EXAMPLE 25 

General Procedure for the Preparation of T-Ethoxvn:t ethvl-6-(phenvIselenenvl) 
pvTimidines. Ss^thesis of phenylseienenyi derivatives was identical to that tised for 
the preparation of l-C(hydroxyethoxy)methyl-6-(phenylselenenyl) analogues. 

EXflMPLE 26 

l-Ethoxvmefrhvl-6-(phenvlselenenvnuracil (n<^ Purified by column chromatography 
using CHQaAleOH (98:2). Yield 83%; m.p. 176-178°C (ethanoi); IH NMR (CDQa) 5 
L26 (t, J= 6.8 Hz, 3H, CH3CH2O), 3.65 (q, 2H, J = 6.8 Hz, CH3CH2O), 5.28 (d, J = 11.2Hz, 
IH, 5-H), 5.52 (s, 2H, NCH2O), 7.38-7.66 (m, 5H, SePh), 9.23 (s, IH, NH, D2O 
exchangeable). AnaL (Ci3Hi4N203Se) C, H,N. 
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EXaMPIiE 2 7 

l-EthoxvinethvI-6-^ phenvlselenenvi) thymine (7b ) Punned bv coiuinn chromatography 
using CHCl3-MeOH (98:2). Yield 85%; m.p. IS^SS^C (ethanol); IH NMR (CDQs) 5 
1.17 (t, J= 6.5 Hz, 3H, CH3CH2O). 1.98 (s, 3H. 5-.Me), 3.57 (q, J= 6.5 Hz. 2H, CH3CH2O), 
5.63 (s, 2H, NCH2O), 7.25-7,37 (m, 5H, SePh), 9J5 (s, IH, NH, D2O e-xchangeabie). 
Anal. (Ci4Hi6N203Se) C, H, N. ' 



« 
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g?^fiMPT.E 28 
anf-i viral T=;v?n uations 
compounds 3a-f were evaluated in human peripheral blood 
mononuclear (PBM) cells infected with HIV-1 (strain LAV). Virus 
yield was determined by measuring the level of HIV-1 RT present 
in disrupted virions obtained from supernatant from cells exposed 
to the drugs. The results are set forth in Table 1. None of 
these compounds inhibited HIV-1 replication at concentrations 
greater than 100 fiM. The 5-halogeno derivatives (3c-3e) 
found to have minimal toxicity to uninfected PBM cells, 
introduction of a phenylselenenyl moiety at the 6-position of 
these acyclic nucleosides produced compounds {6a-f) which were . 
potent against HIV-1 as HEFT, the lead compound (see Table 1) . 
The median effective concentration (EC,^) for these compounds 
ranged from 0.96 to 13.0 ^M. ' The results obtained with HEPT in 
human PBM cells were similar to those reported by Mi 

al., -T M^ri. Chem. . 22:2507 (1989), in MT-4 cells (ECso=5.3 ^ 
versus 7.0 ntL). The uracil analogue (6a) appeared to be less 
effective than the 5-substituted compounds. Whereas the thymine 
analogue (6b) exhibited no cytotoxicity in human PBM or in 
cells, some cytotoxicity was noted with the corresponding 
halogeno derivatives (6c-e) in Vero cells. This suggests 
some of the selenium analogues may exhibit toxicity in other 
rapidly dividing cells such as human bone marrow cells. When 
tested in human PBM cells infected with HIV-2 (strain ROD-2) , 
compounds 6a-f were found to have activity similar to that 
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obtained with HIV-1, with the exception of the (6-phenyl- 
selenenyl) -thymine derivative (6b) which was about 25-fold less 
active. As previously reported by Baba et al., Biochem. Biophvs. 
Res, Cominun, , 165:1375 (1989), HEPT was also not active against 
HIV-2 in this cell culture system. The selectivity of the novel 
compounds appears to be directed at HIV-1 and HIV-2, since none 
of the selenium containing compounds were effective against HSV-1 
in a plaque reduction assay in Vero cells (see Schinazi et al., 
Antimicrob - Aaent- - Chemother , , ZZ'.ASS (1982)). 

The effect of the 6-phenylselenenyl analogues (6a-f) on 
HIV-1 RT in a cell free system was also determined since HEPT had 
been reported to inhibit HIV-1 RT. Surprisingly, none of the 
compounds exhibited marked anti-RT activity when tested up to 100 
;iM. Whereas HEPT had an IC55 of 17.5 mm, the thymine analogue 6a 
had an ICjq of 90.3 fM. None of the compounds evaluated 
inhibited DNA polymerase a purified from human PBM cells when 

» 

tested up to a concentration of 100 ^M. 

The novel selenenyl compounds were unexpectedly found 
to have selective antiviral activity against both HIV-1 and HIV-2 
in primary human lymphocytes, and are not inhibitors of HIV-1 RT. 
Taken together, the results suggest that the activity of the 
selenium analogues is produced by inhibition of a viral target 
which is different from the corresponding sulfur containing 
analogues, such as HEPT. 
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The non-hydroxy lat ed (i.e., l-etiiqxymethyl ) analogues 
7a and 7b were also evaluated for anti-HIV 1 activity and 
toxicity in PBM and Vero cells in accordance with the procedures 
outlined above. The results of these tests are set forth in 
Teible 2. 



Table 2 



Compound 



l-Ethoxymethy 1 -6- 
(phenylselenenyl) uracil 

l-Ethoxyiiiethyl-6- 
(phenylselenenyl) thymine 



Anti-Hiv-1 : Cytoxicity : cytoxicity 
PBM cells PBM cells Vero cells 
EC, Q, aM IC^o^ I£^tyj—m 



22.8 



X.2 



>100 



>100 



28.0 



167.0 



It has thus been shown that there are provided 
compounds r compositions and methods which achieve the various 
objects of the invention and which are well adapted to meet the 

conditions of practical use. 

As various possible embodiments might be made of the 
above invention, and as various changes might be made in the 
embodiments set forth above, it is to be understood that all 
matters herein described are to be interpreted as illustrative 

and not in a limiting sense. 

What is claimed as new and desired to be protected by 

Letters Patent is set forth in the following claims. 
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1. A compotind having the formula; 




I 




HN 

N"^ SePh 




wherein is hydrogen, halogen, vinyl, halovinyl or q-Cj alkyl, 

haloallcyl or hydroxyallcyl , R2 is NH or oxygen, R3 is oxygen, 
sulfur or methyl, X is oxygen or sulfur and Y is hydroxy 1 or 
hydrogen. 

2. A compoimd according to claim 1 wherein R, is 

hydrogen. 

3 . A compound according to claim 1 wherein is 

methyl . 

4. A compound according to claim 1 wherein R| is 

halogen. 

5. A compound according to claim 1 wherein X is 

oxygen. 

6. A compound according to claim 1 wherein X is 

sulfur. 

7. A compound according to claim 1 wherein Y is 



hy droxyl . 

8. 

hydrogen. 



A compound according to claim 1 wherein Y is 
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g ^ 1- £ ( 2-hydroxyethoxy ) methyl ] -6- (phenylseleneny 1) 



uracil . 



10 . 1- [ ( 2 -hydroxy erhoxy) methyl ] -6- (phenylselenenyl) 



thymine . 



11. l-[ (2-hydroxyethoxy) methyl] -6- (phenylselenenyl) -5- 



f luorouracil . 

12 - l-[ (2-hydroxyethoxy) methyl] -6- (phenylselenenyl) -5- 
chlorouracil • 

13 . 1-C (2-hydroxyethoxy) methyl ] -6- (phenylselenenyl) -5- 
bromouracil . 

14 . 1- [ ( 2-hydroxyethoxy) methyl ] -6- (phenylselenenyl ) -2- 
thiothymine • 

15 . l-(ethoxymethyl) -6- (phenylselenenyl) uracil . 

16 . 1- ( ethoxymethy 1 ) -6- (phenylselenenyl ) thymine • 

17. A pharmaceutical composition for oral admini- 
stration to a patient requiring antiviral treatment comprising an 
antivirally effective amount of a compound according to claim 1 
in a pharmaceutically acceptable oral dosage form. 

18. A composition according to claim 17 wherein said 
dosage form fxirther comprises inert carriers, excipients, 



19. A composition according to claim 17 wherein said 
form is a tablet, capsule, caplet, lozenge, liquid or 
elixir containing from about 25 to about 1000 mg of said compound 
per dosage unit. 
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20. A composition according to claim 19 wherein said 

dosage form is a teUalet- 

21. A composition according to claim 17 which further 
comprises an antiviral agent selected from the group consisting 
of dideoxycytidine, dideoxyinosine, azido thymidine and acyclovir, 

22. A method of providing antiviral treatment to a 
patient infected with a virus consisting of the oral 
administration to the patient of a pharmaceutical composition in 
accordance with claim 17 from one to four times daily. 

23. A method according to claim 22 wherein said virus 

is HIV-l. 

24. A method according to claim 22 wherein said virus 

is HIV-2. 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US92/03824 



A. CLASSinCATION OF SUBJECT MATTER 
IPC(5) :C07C239/06, 239/08; A61K 3 1/505 

US CL :544/302,303,309,311,312.313;5 4/269,274 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. 



CUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO89/09213 (Miyasaka et al.) 10 May 1989. See Abstract and pages 8 through 27. 



1-24 



rn Further documents axe listed in the continuation of Box C. See patent family annex. 



"A' 
-p. 



en^riei of cited documeoti: 



documeat defiamf the geaeiml ilate of tlie art widcb ■ not con^^ 
to be part of pMticular iclewnpe 

cariier docuneotpubliiiied OB or after the mtenMtxM^ 

documeoi whidi may throw doubts on priority clami(t) or wliidi m 
cited to eilabliih the publicalioa date of another citatioa or odier 
(atapecified) 



docomeot referriof to aa oral diackMure, uie, exhibhioa or other 



documcittpubliihed prk>r to the mteraatioiiai filiof date but later than 
the priority date churned 



•A" 



laterdocumentpubiiBhedaftertfae mtenuUioiud filing date or priority 
date and not in conflict with the applicatioa but cited to underMuidthie 
principle or tfaeoiy underiyinf the invention 

document of particular relevance; the claimed invention cannot be 
cooaidered novel or cannot be cooaidered to involve an inventive itqi 
when tiic document ia taken alone 

document of particular relevance; the claimed mvcntiott cannot be 
cooiidered to involve an inventive step when the documeat is 
combined widi one or more other si^ documents, such combination 
being obviouato a pciaon aktUed in the ait 

doctmeat member of the same patent family 



Date of the actual completion of the international search 



21 AUGUST 1992 



Date of mailing of the international search report 

07. OCT 1992 



Name and mailing address of the ISA/ 
Commiiaioiier of PstenU and Trademacfci 

Box PGT 

Waibxngtoo, D.C. 20231 
Facsimile No. NOT APPLICABLE 



Authorized officer 
Y.N. GUPTA 



Telephone No. (703) 308^708 



Form PCT/ISA/210 (second sheet)(July 1992)* 



